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ISO 10791-6 specifies test conditions, BK1 and BK2, including circularly interpolated motions by simultaneous control of
two linear axes and a rotaryftilting axis, for five-axis machine tools with a tilting-rotary table. Eccentricities of measured
motions are used to identify position-independent geometric errors of the rotary/tilting axis. However, time-consuming
alignments of measurement devices are required to execute the circular motions due to large geometric errors of the tilting
axis. In this paper, a simple method is proposed to align an initial position of a tool-center-point (TCP) relative to the actual
tilting axis of five-axis machine tools for application of ISO 10791-6. A ball at the tool nose with an extension fixture,
supplied commercially by a double ball-bar manufacturer, is used to measure positional deviations of a ball on workpiece
table at 90° command angle of a tilting axis. An alignment error of a TCP is identified simply by using a geometric
relationship of the TCP and measured deviations. Then, identified alignment errors are used to calculate initial position of a
TCP for fine measurements of position-independent geometric errors specified in ISO 10791-6. The proposed method is
applied to a five-axis machine tool and verified experimentally.
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NOMENCLATURE

a, ¢ [rad] = Rotation angles of rotary axis 4, C, respectively

d [mm] = Nominal offset between rotary axis 4 and a ball on
workpiece table in z-direction

Myq, Mz, [mm]= Alignment errors of a TCP to tilting axis A4

in y-, z-direction, respectively

o0; [mm] = Offset errors of the j-axis along with the i-direction,
(i=x,yzj=a,c)

s; [rad] = Squareness errors of the j-axis around the i-direction,
(i=x,y,z)=ac0

t; [mm] = Nominal length of extension fixture

R [mm] = Nominal length of a double ball-bar

TB = Ball installed at the tool nose

WB = Ball installed on a workpiece table

ARy, [mm] =Measured deviations by control of the i, j-, k-axes
in m-direction, (i, j, k =
radial, axial)

AR,, AR. [mm] = Positional deviations of a WB at a = 90° in

y-, z-direction, respectively
rf =4 x 4 Homogeneous transformation matrix from ; coordinate

X, Y, z, a, ¢; m =

system to i coordinate system
{4}, {C} = Coordinate system of rotary axis 4, C, respectively
{R} = Reference Coordinate System

Copyright © The Korean Society for Precision Engineering
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Fig. 6 Experimented five-axis machine tool (MDG-300)

Table 1 Specification of an experimented five-axis machine tool

Parameter Unit Value
X [-600, 0]
Y  mm [-800, 0]
Stoke 7 [-400, 0]
[-20, 110]
T deeree [0, 360]
Laser power kW 1, Fiber laser
Spot size mm 22
Material - SUS316L, Inconel 625, Ti64 et al.

Controller - Siemens 840D
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1ol o3RS Hkom, o]#dt @ 2}= w7 HlSF(Radial Direction)
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Transformation Matrix)S ARE-3}0] AA35}al, PIGEs= 2| A%}
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Fig. 7 Experimental alignment of a TCP initial position
3.1 55 SA7IAI2| TCP EE

TCPo| 27| 1A= €95 A9 & PIGEso| 23 24
Zlo] o1, & =&ollAl Aleket TCP & WHe 4 %ﬂ
BE 22 my,, msz AN 28BS A7F a=0, 90°% F-5-
TCP7} 3]3% €9 7|5}8H4] Zofl f1x|sk7] f18f Fig. T(a)e}k &
o d& A+ 4ol £,=150 mmE AT TCPE ARG5S}

ar



58 / January 2021

(¢) 3rd Measurement

Fig. 8 DBB measurements for PIGEs of rotary/tilting axes at a five-axis machine tool
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Table 2 Measured positional deviations and alignment errors

Parameter Unit Value
AR, 29.3
AR. -749.9

um
My, -360.3
Mz 389.6

Table 3 Identified PIGEs without and with compensation

Parameter Unit without Comp.  with Comp.
Oya 591.8 0.7
) um
0z 941.5 -0.6
Sya -188 2
prad
Sz -2746 -34
Oxe -28.9 -0.9
pum
Oye -3974 0.3
Sye -102 2
prad
Sye 255 6
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